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(54) Pressure control apparatus for an ink jet pen. 

@ The back pressure of an ink pen is maintained 
by providing a capillary member (24) adjacent a 
bubble generator (18). Regardless of the orien- 
tation of the pen, the capillary member (24) 
maintains a quantity of ink adjacent an orifice 
(20) defined by the bubble generator (18). The 
quantity of ink serves to supply a liquid seal 
formed in the orifice (20). As the back pressure 
within the ink pen rises to its maximum level, 
the liquid seal within the orifice is overcome 
and ambient air bubbles into the reservoir to 
lower the back pressure. As the back pressure 
returns to a desirable point, ink trapped by the 
capillary member enters the orifice to reseal the 
orifice. 
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' BACKGROUND OF THE INV^ ^ION 

1. Field of the Invention 

The pr sent invention relates to ink pens for ink- 
jet printers, and more particularly, to an apparatus for 
controlling the pressure within the reservoir of an ink 
pen. 

2. Description of Related Art 

Ink-jet printers have become established as reli- 
able and efficient printing devices. Typically, an ink- 
jet printer, utilizes a print head which is moved relative 
to a printing surface. A control system activates the 
moving print head at the appropriate locations caus- 
ing the print head to eject, or jet, ink drops onto the 
printing surface to form desired images and charac- 
ters. Such printers typically include an ink pen which 
serves as a reservoir for storing ink and provides a 
means of supplying ink, as needed, to the print head. 

There are two commonly used systems for eject- 
ing ink from a print head. The first is a thermal bubble 
system and the second is a piezoelectric system. A 
print head using either system typically includes a 
plurality of orifices, each orifice having an associated 
chamber. In operation, ink is supplied via an inlet to 
the chamber. Upon activation, the ink is forced, or jet- 
ted, from the chamber through the orifice and onto 
the printing surface. In thermal bubble type print 
heads, the ink in the chamber is heated or vaporized, 
typically by a thin film resistor. The rapid expansion 
which results from vaporization of the ink forces a 
quantity of ink from the chamber through the orifice. 
In piezoelectric type print heads, a piezoelectric ele- 
ment creates a pressure wave within the chamber 
which ejects a quantity of ink through the orifice. 

Although both thermal bubble and piezoelectric 
print heads provide a reliable and efficient means of 
jetting ink from an orifice, both types of print heads 
generally have no mechanism to prevent the free flow 
of ink through the orifice when the print head is not 
activated. If this occurs, ink may leak, or drool, uncon- 
trollably onto the printing surface to produce an un- 
desirable ink spot. In addition, leaking ink may build 
up on the print head and impair the proper operation 
of the print head. 

To alleviate these problems, many ink-jet printers 
supply ink from the ink pen to the print head at a slight 
underpressure or back pressure. As used herein a 
positive back pressure is used to refer to a pressure 
within an ink pen that is lower than the ambient pres- 
sure surrounding the print head orifice. 

To be effective, the back pressure must be main- 
tained within a desired operating range. That is, the 
back pressure must be large enough to prevent the 
unwanted free flow of ink through the orifice. At the 
same time, the back pressure must be small enough 



that the print when activated, can overcome 
the back pressure and eject the ink in a consistent 
and predictable manner. To meet these constraints 
and provide optimum operation of the ink-jet printer, 
5 a fairly constant and predictable back pressure 
should be maintained. 

The back pressure of an ink pen is affected by 
changes in either the ambient pressure or the internal 
pressure. For example, if an ink pen is subject to an 

10 increase in altitude, such as during transport aboard 
an aircraft, the ambient pressure may decrease sub- 
stantially. Unless the back pressure of the ink pen in- 
creases accordingly, the ambient pressure level may 
drop below that of the back pressure and ink will likely 

15 leak from the print head. In addition, as ink is depleted 
from the ink pen reservoir the back pressure within 
the ink pen will tend to increase. Without some mech- 
anism for compensating for this, the back pressure 
may exceed the operating range of the print Ivead and 

20 the ink pen will become inoperative. Temperature va- 
riations may cause the ink and air within the ink pen 
to contract or expand, thereby affecting the back 
pressure. All of these factors must be accounted for 
in order to ensure consistent trouble-free operation of 

25 the ink-jet printer. 

One type of ink pen uses a variable volume reser- 
voir to solve these problems. For example, the reser- 
voir may be of a flexible material which can expand 
or contract. Alternatively, the reservoir may have 

30 sleeve and piston configuration or utilize an expand- 
able bladder as an internal accumulator. In this type 
of ink pen, as the volume of ink within the reservoir 
varies due to depletion, thermal variations, or the 
like, the volume of the reservoir also varies. Although 

35 a significant improvement over previous ink pens, 
such devices suffer from certain drawbacks. 

For example, such devices do not necessarily 
provide a constant back pressure. Rather, a reservoir 
with a freely variable volume will tend to maintain an 

40 internal reservoir pressure which is equal to the am- 
bient pressure, that is, zero back pressure. To over- 
come this problem, many variable volume reservoirs 
use a resilient member, such as a spring, to constant- 
ly urge the reservoir toward an increased volume. In 

45 this manner, the desired back pressure is created. 

Because variable volume reservoirs inherently 
have maximum and minimum limitations on the size 
of the reservoir, they are typically least effective 
when the ink pen is either nearly full or nearly empty. 

so For example, if a new ink pen with a variable volume 
reservoir is filled to capacity with ink, the reservoir is 
unable to further expand in response to back pres- 
sure changes. As a result, if the fluid volume within 
the reservoir expands due to a change in back pres- 

55 sure, a quantity of ink may be fore d out through the 
print head. To compensate for this many new pens are 
not completely filled with ink. Even more significant, 
variable volume reservoirs typically have a minimum 
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' volume which is greater than^fe. As the pen nears 
depletion and the reservoir sWIts to this minimum 
volume, further ink depletion raises the back pres- 
sure above the operating range of the print head. As 
a result, a quantity of unusable ink will remain in each 
discarded pen. 

To reduce this problem, some ink pens incorpor- 
ate a "bubble generator." A bubble generator is an or- 
ifice formed in the ink reservoir of an ink pen to allow 
fluid communication between the interior of the re- 
servoir and the ambient atmosphere. The orifice is 
sized such that the capillarity of the ink normally re- 
tains a small quantity of ink in the orifice as a liquid 
seal. The geometry of the orifice is such that when 
the back pressure approaches the limit of the oper- 
ating range of the print head the back pressure over- 
comes the capillarity of the ink and the liquid seal is 

• broken. Ambient air then "bubbles" into the reservoir 
to reduce the back pressure. Ideally, when the back 
pressure drops, ink from the reservoir reenters the 
orifice and reinstates the liquid seal. 

However, if the seal breaks and the orifice is not 
submerged, there is no ink to reinstate the seal and 
the back pressure may be lost. In addition, if the ink 
level drops or the pen is oriented in such a manner 
that the orifice is above the ink level within the reser- 
voir, the liquid seal may weaken and fail over time. 
This would permit the free flow of ambient air into the 
reservoir, eliminate the back pressure, and allow the 
ink pen to drool. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present inven- 
tion to provide an ink pen having a mechanism for 
maintaining a back pressure within the operating 
range of the print head. 

It is a further object of the invention to provide a 
mechanism for regulating the pressure in an ink pen 
that allows for the efficient extraction of ink from the 
pen and minimizes the amount of unusable ink which 
is discarded with an ink pen that stops printing be- 
cause the back pressure exceeded the operating 
range. 

It is another object of the invention to provide a 
mechanism for regulating the pressure in an ink pen 
that operates reliably and consistently regardless of 
pen orientation. 

It is a further object of the invention to provide a 
pressure regulating mechanism for an ink pen that is 
easy and inexpensive to manufacture and has few 
complicated parts. 

An ink pen in accordance with one aspect of the 
present invention has a reservoir for holding a supply 
of ink. The reservoir is provided with an orif ic allow- 
ing fluid communication between the reservoir and a 
make up fluid, such as ambient atmosphere. A capil- 
lary member is positioned to retain a quantity of ink 



adjacent the ori^^regardless of the pen orientation 
or ink level withirme reservoir. The retained quantity 
of ink provides a liquid seal that seals the orifice and 
yet allows bubbles to pass through the seal to regu- 

5 lat the pressur within the reservoir. 

Other objects and aspects of the invention will 
become apparent to those skilled in the art from the 
detailed d scription of the invention which is present- 
ed by way of example and not as a limitation of the 

10 present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially exploded, bottom, perspec- 
15 tive view of an ink pen in accordance with one em- 
bodiment of the present invention. 

Figure 2 is bottom view of the ink pen of Figure 

1. 

Figure 3 is a cross sectional view taken along line 
20 3-3 in Figure 2. 

Figure 4 is a bottom view of the bubble generator 
and capillary member of the embodiment illustrated 
in Figure 1. 

Figure 5 is a side, cross sectional view of an al- 
25 ternative embodiment of a bubble generator and ca- 
pillary member in accordance with the present inven- 
tion. 

Figure 6 is a side view of the embodiment illu- 
strated in Figure 5. 

30 

DESCRIPTION OF THE ILLUSTRATED 
.... EMBODIMENT *=^„ •,-».„ .... 

An ink pen in accordance with a preferred em- 

35 bodiment of the present invention is illustrated in Fig- 
ure 1 as reference numeral 10. The ink pen 10 has a 
reservoir 12 for storing a supply of ink 14. The reser- 
voir is in fluid communication with a print head 16 
which ejects ink drops onto a printing surface to form 

40 characters and images. The ink within the reservoir 
is subject to an initial back pressure to prevent the ink 
from drooling through the print head. 

To maintain the back pressure within a desired 
range, the reservoir 12 is provided with a bubble gen- 

45 erator 18 which allows fluid communication between 
the interior of the reservoir and a make up fluid, such 
as, the ambient atmosphere. When the back pres- 
sure is within the desired range the bubble generator 
is sealed with a quantity of ink. However, when the 

so back pressure exceeds the desired range, the back 
pressure overcomes the capillary forces of the liquid 
seal and allows the make up fluid, ambient air in the 
illustrated embodiments, to bubble into the reservoir 
to reduce the back pressure. When the back pressure 

55 returns to the appropriate level, the liquid seal re- 
forms to prevent further ingr ssofthemak up fluid. 

As illustrated in Figure 3 t the bubble generator 18 
consists of a tubular boss 22 and a sphere 24 mount- 
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ed concentrically within the The outside diam- 
eter of the sphere 24 is smalllWan the inside diam- 
eter of the boss 22 to define an annular orifice 20 
(seen in Figure 4). In the illustrated mbodiment, the 
sphere is maintained within th boss by a number of 
rais d crush ribs 26 formed around the int riorofthe 
boss. In this manner the sphere 24 can be easily 
press fit into the boss 22 and firmly maintained in pos- 
ition by the crush ribs 26. Additional rais dribs 28 are 
also provided to help maintain the sphere in position 
away from the inside wall of the boss. In an alterna- 
tive, and preferred embodiment, there are six raised 
ribs and no crush ribs. The raised ribs are sized to pro- 
vide the necessary interference for a press fit to 
maintain the sphere within the boss and provide the 
necessary clearance from the inside wall of the boss. 

The sphere 24 serves as a capillary member to 
maintain a quantity of ink within the boss 22. As a re- 
sult, even when the pen is oriented such that the boss 
is not submerged in the reservoir ink, a quantity of ink 
is trapped within the boss. Due to the curved surface 
of the sphere, the gap between the exterior surface 
of the sphere and the innerwallof the boss is smallest 
at the orifice and increases as the distance from the 
orifice increases. This geometry, coupled with the 
capillarity of the ink, constantly urges the trapped 
quantity of ink toward the orifice-the sVnallest por- 
tion of the gap— to provide a robust seal. 

To prevent the trapped quantity of ink from drying 
or solidifying as a result of prolonged exposure to the 
atmosphere, the bubble generator is provided with an 
inlet labyrinth 30 which serves as a vapor bar.rier._The 
inlet labyrinth, best seen in Figures 1 and 2, is a path 
through which the ambient air must travel before con- 
tacting the trapped ink. The proximal end 31 of the 
labyrinth opens to the boss and the distal end 33 
opens to ambient air. The length of the labyrinth is 
sealed from both the ambient and the reservoir. As a 
result, the humidity within the labyrinth varies along 
its length from approximately 100% at the proximal 
end 31 to approximately ambient at the distal end 33. 
This humidity gradient serves to shield the trapped 
ink from direct contact with ambient air aad prevent 
the trapped ink from drying or solidifying. 

The inlet labyrinth is a path having a semi-circular 
cross section. The ratio of the cross sectional area to 
length of the inlet labyrinth should be such that the 
volume of air in the inlet labyrinth effectively blocks 
convective mass transfer. Diffusive vapor losses are 
driven by the partial pressure gradients through the 
inlet labyrinth. As indicated by Fick's Laws of Diffu- 
sion, these losses are proportional to the cross sec- 
tional area of the inlet labyrinth and inversely propor- 
tional to the length of the inlet labyrinth. The appro- 
priate dimensions of an inlet labyrinth for any partic- 
ular embodiment can be empirically determined by 
one skilled in the art. 

As seen in Figures 2, and 3, the inlet labyrinth in 



the illustrated ^Adiment, is a trough 32 molded di- 
rectly into the e>Wna\ surface of the reservoir 12. A 
cover 34 is attached to the reservoir to seal th 
trough 32 between its ends. A hole 36 through the 
5 cover at the distal end 33 of the trough 32 provides 
fluid communication between the trough and the am- 
bient atmosphere. The circuitous configuration of the 
trough conserves space and reduces the size of the 
cover. 

10 The inlet labyrinth 30 also serves as an overflow 
receptacle. If the pen is subject to an environmental 
change, such as a temperature or altitude variation, 
which causes the fluid volume within the reservoir to 
expand beyond the capacity of the reservoir, the ex- 

15 cess ink can exit the reservoir via the bubble gener- 
ator and enter the inlet labyrinth 30. Subsequently, 
when the environmental conditions return to normal, 
or ink is depleted from the reservoir, the excess ink 
can reenter the reservoir. 

20 To ensure that excess ink in the labyrinth will 
completely reenter the reservoir, it is preferable that 
the largest cross-sectional dimension of the labyrinth 
is small enough to allow the ink to form a complete 
meniscus across the cross section at any location 

25 along the labyrinth. Otherwise, small amounts or 
beads of ink may become stranded in the labyrinth. 
In the illustrated embodiment, the maximum cross- 
sectional dimension of the labyrinth is approximately 
0.89 mm. 

30 The effectiveness of the illustrated ink pen de- 

pends on the appropriate sizing of the orifice 20, the 
boss 22, and the sphere 24 to ensure that the liquid 
seal gives way below the maximum allowable back 
pressure and is reinstated above the minimum allow- 

35 able back pressure. The exact dimensions of the va- 
rious elements of the ink pen will depend on a number 
of factors, such as the surface energies of the mate- 
rials, the density and surface tension of the ink, the 
desired range of back pressures, and the shape of the 

40 orifice. Once these factors are known, the proper di- 
mensions can be readily calculated or empirically de- 
termined by one skilled in the art. 

In the illustrated embodiment, the desired range 
of back pressures is from 10 cm to 16 cm water col- 

45 umn and the ink used has a density of approxi mately 
1 g/cm 3 and a surface tension of approximately 60.2 
dynes/cm. A stainless steel sphere having a diameter 
of approximately 3.18 mm and a polysutfone boss 
having an inside diameter of between 3.34 mm and 

50 3.39 mm have been found to be satisfactory. Of 
course, each particular embodiment of the invention 
may require different dimensions according to its 
particular parameters. 

A bubble generator in accordance with an alter- 

55 native embodiment of the invention, illustrated in Fig- 
ures 5 and 6, has a base plate 40 which is attached 
to the inside of an ink pen reservoir 12. The base plate 
40 is provided with an arched trough 42 and a recess 
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' 46. A cover plate 44 fits withirJ^recess 46 to cover 
the trough 42. The cover plate^ffias an orifice 48 di- 
rectly over the p ak of the arched trough. One end of 
the trough is open to the ink within the interior of the 
reservoir and the other end is vented via opening 50 
to the ambient atmosphere. As a result, the ink is 
drawn, by capillary forces, into the trough to form a 
liquid seal under the orifice 48. 

Regardless of the orientation of the ink pen, a 
quantity of ink is trapped within the trough by capil- 
lary forces. As a result of the arched shape of the 
trough, the cross sectional area of the trough is at a 
minimum at the peak of the arch adjacent the orifice. 
This geometry, in combination with capillarity of the 
ink, urges the trapped ink toward the peak of the arch 
and, hence, the orifice to maintain a strong and ro- 
bust seal. The trough is sized such that when the 
back pressure exceeds the working range of the print 
head, the ambient air pushes the liquid seal up the 
trough, and allows ambient air to bubble through the 
orifice into the reservoir to lower the back pressure. 
As the back pressure returns to the desired range, 
the capillarity of the ink causes it to move into the 
trough to reseal the orifice. 

In the illustrated embodiments, curved capillary 
members, such as a sphere or an arched trough, are 
used to urge a quantity of ink toward an orifice. How- 
ever, in other embodiments the capillary member 
need not be curved. For example, a cylinder concen- 
trically mounted within a boss or a flat trough could 
also serve to trap a quantity of ink adjacent an orifice. 

In yet another embodiment,. shown in Figures 7 
and 8, a fibrous or porous material 53 forms an ink 
path between the bubble generator and the capillary 
reservoir 57. The purpose of the fibrous or porous 
material is to prevent the bubble generator make up 
fluid, entering through orifii 52 and 54 from escaping 
into the capillary reservoir 57 and depleting the sup- 
ply of ink in the capillary reservoir 57. Orifice 54 is 
sized such that the capillary forces in the orifice 54 
are stronger than those in the capillary reservoir 57 
and draw liquid from the reservoir, through the fi- 
brous material to replenish the seal. The appropriate 
sizes for the orifii and capillary reservoir can be de- 
termined by one skilled in the art. 

This detailed description is set forth only for pur- 
poses of illustrating examples of the present inven- 
tion and should not be considered to limit the scope 
thereof in any way. Clearly, numerous additions, sub- 
stitutions, and other modifications can be made to 
the invention without departing from the scope of the 
invention which is defined in the appended claims 
and equivalents thereof. 
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a re 4^ ir < 12 > for holdin 9 ink (14) and 
having an orifice (20) formed therein to allow flu- 
id communication between the interior of said re- 
servoir and a volume of make up fluid; 

a capillary member (24) positioned adja- 
cent said orifice, said capillary member being 
structured to retain a quantity of liquid adjacent 
said orifice, whereby a portion of said quantity of 
liquid is drawn into said orifice to seal the orifice. 

2. The pen of claim 1 further comprising a means 
(30) for preventing exposure of said quantity of 
liquid to ambient humidity. 

3. The pen of claim 1 further comprising a chamber 
(30) for holding a volume of make op fluid, said 
chamber being in fluid communication with the 
orifice and with ambient atmosphere. 

4. The pen of claim 1 further comprising an inlet lab- 
yrinth (30) having a proximal end adjacent said 
orifice (20), a mid portion, and a distal end open 
to ambient, said mid portion being dimensioned 
to create a humidity gradient between the proxi- 
mal and distal ends. 

5. The pen of claim 1 wherein the capillary member 
(24) is positioned to define a gap between the ca- 
pillary member and the reservoir, wherein said 
gap is sized such that the capillarity of the ink re- 
tains a quantity of ink within said gap. 

6. The pen of claim 5 wherein the size of the gap va- 
ries in relation to the distance from the orifice 
(20) such that capillary forces urge the retained 
quantity of ink toward the orifice. 

7. The pen of claims 1 or 6 wherein the capillary 
member is a plate (42). 

8. The pen of claim 7 wherein the plate (42) has a 
curved surface. 

9. The pen of claims 1 or 6 wherein the capillary 
member is a sphere (24). 

10. A method of forming a pressure sensitive seal at 
an orifice in an ink reservoir of an ink pen com- 
prising the steps of: 

forming a gap adjacent said orifice; and 
submerging the gap in a fluid, said gap be- 
ing sized such that when submerged, a quantity 
of fluid becomes trapped in the gap; 

guiding the trapped quantity of fluid into 
the orifice to form a pressure sensitive seal. 
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1. A pen for an ink-jet printer comprising: 
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